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In this study, assuming the Type-Y (flipped) 2HDM at the SM-like scenario as the theoretical
framework, observability of the additional heavy neutral Higgs bosons H and A is investigated
through the signal process chain e−e+ → AH → bb¯bb¯ at a linear collider operating at the center-of-
mass energy of 1.5 TeV. The assumed signal process is highly motivated by the enhancements in the
A/H → bb¯ decays at relatively high tanβ values. Such enhancements result in the dominance of the
mentioned decay modes even for Higgs masses above the threshold of the on-shell top quark pair
production. Taking advantage of such a unique feature, several benchmark scenarios are studied.
Simulating the detector response based on the SiD detector at the ILC, simulated events are analyzed
to reconstruct the H and A Higgs bosons. The top quark pair production and Z/γ production are
the main SM background processes and are well under control. Results indicate that, the H and
A Higgs bosons are observable with signals exceeding 5σ with possibility of mass measurement in
all the tested scenarios. Specifically, the parameter space region enclosed with the mass ranges
mH=150-500 GeV and mA=230-580 GeV with the A/H mass splitting of 80 GeV is observable at
the integrated luminosity of 500 fb−1.
INTRODUCTION
The Standard Model (SM) of elementary particles pro-
vided significant predictions which have been successfully
verified by plenty of experimental observations. Since the
existence of the Higgs boson, as one of the most consider-
able predictions of the SM, was experimentally confirmed
[1, 2], much effort has been devoted to developing the ex-
tended versions of the SM. Such extensions are mainly
motivated by the SM inability to explain the universe
baryon asymmetry [3], supersymmetry [4], axion mod-
els [5], etc. Extending various aspects of the SM, dif-
ferent kinds of extensions with different characteristics
can be obtained. The simplest scalar structure, a single
scalar doublet, was assumed in the SM leading to the
prediction of a single Higgs boson [6–11]. Extending the
scalar structure by adding another scalar doublet, the
two-Higgs-doublet model (2HDM) [12–19] is obtained.
As one of the important consequences of using two scalar
doublets, the 2HDM predicts the existence of four addi-
tional Higgs bosons. To be specific, five Higgs bosons in-
cluding a light scalar h, a heavy scalar H, a pseudoscalar
A and two charged H± Higgs bosons are offered by the
2HDM. To respect experimental observations, one may
assume that the light scalar Higgs boson h predicted in
the 2HDM is the SM-like Higgs boson. Therefore, the
2HDM features four yet undiscovered Higgs bosons dis-
covery of which may help confirm the 2HDM. This study
is aimed to investigate observability of the two additional
neutral Higgs bosons A and H in the 2HDM at a linear
collider.
A general 2HDM predicts tree level flavor-changing
neutral currents (FCNC) which are suppressed in the SM
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and are strongly constrained by experiments. Ensuring
natural flavor conservation in the 2HDM is however pos-
sible with the help of special scenarios of Higgs-fermion
couplings. Such selective couplings can be derived from
imposing the discrete Z2 symmetry. It has been shown
that there are four coupling scenarios permitted by the
Z2 symmetry which avoid tree level FCNCs [18]. Con-
sequently, there are four types of the 2HDM with dif-
ferent phenomenologies which naturally conserve flavor.
Observability of the two additional neutral Higgs bosons
within the Type- I and Type-X 2HDMs has been studied
with promising results [20, 21].
This study considers the Type-Y (flipped) 2HDM and
investigates the observability of the H and A Higgs
bosons through the signal process chain e−e+ → AH →
bb¯bb¯ where b is the bottom quark. The assumed signal
process is mainly motivated by the enhancements in the
A/H → bb¯ decays at high tanβ values. Such enhance-
ments as well as the suppression of the A/H decay into
a pair of up-type quarks at high values of tanβ result in
the dominance of the A/H → bb¯ decays even for Higgs
masses above the threshold of the on-shell top quark pair
production. Consequently, a significantly large portion of
the parameter space can be probed with the help of the
considered signal process. This is a unique feature of the
assumed signal process in the flipped 2HDM.
Assuming several benchmark points with different
mass hypotheses, observability of the Higgs bosons is as-
sessed by analyzing simulated events for each scenario
independently. Because of the chosen Higgs mass ranges
and the assumed signal process, the present analysis is
most suitable for a collider experiment performed at the
center-of-mass energy of 1.5 TeV. Although such an ex-
periment can be easily performed by the LHC, a linear
collider is assumed in this study since e−e+ linear col-
liders suffer less from background processes, underlying
events, etc. Assuming both beams to be unpolarised,
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2signal and background events are generated at the inte-
grated luminosity of 500 fb−1 and the detector response
is simulated based on the SiD detector at the Interna-
tional Linear Collider (ILC) [22]. Reconstructing and
identifying b-jets with the use of proper jet clustering
and b-tagging algorithms, simulated events are analyzed
to reconstruct the Higgs bosons. Computing invariant
masses of the b quark pairs coming from the Higgs bosons,
we try to obtain a Higgs candidate mass distribution for
each scenario. It will be shown that both of the H and
A Higgs bosons are observable with signals exceeding 5σ
with possibility of mass measurement in all the consid-
ered scenarios. To be specific, the region of parameter
space enclosed with the mass ranges 150 ≤ mH ≤ 500
GeV and 230 ≤ mA ≤ 580 GeV with the A/H mass
splitting of 80 GeV is observable at the integrated lumi-
nosity of 500 fb−1. In what follows, we present a brief
introduction to the 2HDM and then different aspects of
the analysis will be discussed.
I. THEORETICAL FRAMEWORK
Extending the Standard Model by adding another
SU(2) Higgs doublet and postulating the general Higgs
potential
V = m211Φ†1Φ1 +m222Φ†2Φ2 −
[
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†
1Φ2 + h.c.
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(1)
where Φ1 and Φ2 are SU(2) Higgs doublets, one of the
simplest extensions of the SM, the 2HDM [12–19], is ob-
tained. The two assumed Higgs doublets have eight de-
grees of freedom, three of which are “eaten” by three of
the electroweak gauge bosons W±, Z and the remain-
ing five degrees of freedom lead to the prediction of five
Higgs bosons, namely the neutral light h and heavy H
scalar, the neutral pseudoscalar A and the charged H±
Higgs bosons. To completely specify the model, the pa-
rameters tanβ, m212, λ6, λ7, mixing angle α and physical
Higgs masses mh,mH ,mA,mH± must be determined in
the “physical basis” [12].
A general 2HDM gives rise to flavor-changing neutral
currents (FCNC) at tree level which are absent in the
SM and are strongly constrained by experimental obser-
vations. Introducing the Z2 symmetry, such currents are
well avoided in the scalar sector and models with natu-
ral flavor conservation are obtained [14–16]. The imposed
Z2 symmetry implies that the Higgs coupling to fermions
must follow the scenarios shown in Tab. I. As seen, there
are four types of 2HDM which naturally conserve flavor.
The types “X” and “Y” are also called “lepton-specific”
and “flipped” respectively. As a consequence of the im-
uiR d
i
R `
i
R
Type I Φ2 Φ2 Φ2
Type II Φ2 Φ1 Φ1
Type X Φ2 Φ2 Φ1
Type Y Φ2 Φ1 Φ2
Table I: Higgs coupling to up-type quarks, down-type
quarks and leptons in different types of 2HDM. The
superscript i is a generation index.
posed Z2 symmetry, the parameters m212, λ6 and λ7 must
be zero. However, allowing a non-zero value for m212, Z2
symmetry is softly broken. The parameters m211 and m222
in the Higgs potential relate to tanβ through minimiza-
tion conditions for a minimum of the vacuum and can be
obtained once tanβ is determined.
To respect experimental observations, one can assume
that the lightest scalar Higgs boson h predicted in the
2HDM is the same as the observed SM Higgs boson. To
do so, h couplings to fermions in the Yukawa Lagrangian
of the 2HDM must reduce to those of the SM. These
selective couplings are easily implemented in a natural
way through the SM-like assumption sin(β−α) = 1 [12].
Following the coupling scenarios provided in Tab. I and
applying the SM-like assumption, the neutral Higgs part
of the Yukawa Lagrangian takes the form [12, 23]
LY ukawa = −v−1
(
md d¯d + mu u¯u + m` ¯``
)
h
+ v−1
(
ρdmd d¯d + ρ
umu u¯u + ρ
`m` ¯``
)
H
+ iv−1
(
− ρdmd d¯γ5d + ρumu u¯γ5u − ρ`m` ¯`γ5`
)
A,
(2)
where ρX factors corresponding to different types are
provided in Tab. II. As seen, couplings are different in
I II X Y
ρd cotβ − tanβ cotβ − tanβ
ρu cotβ cotβ cotβ cotβ
ρ` cotβ − tanβ − tanβ cotβ
Table II: ρX factors in the neutral Higgs sector of the
Yukawa Lagrangian in different types of 2HDM.
different types leading to dramatically different environ-
ments and phenomenologies [18]. According to Tab. II,
Higgs coupling to down-type quarks depends on − tanβ
in Type-Y. Consequently, annihilation of the H and A
Higgs bosons into a pair of down-type quarks receives sig-
nificant enhancements at high tanβ values. The present
study takes advantage of such a feature and investigates
observability of the H and A Higgs bosons in the frame-
3work of the Type-Y 2HDM at SM-like scenario.
II. SIGNAL PROCESS
Observability of the additional neutral Higgs bosons
within the flipped 2HDM is investigated through the sig-
nal production process e−e+ → AH with subsequent de-
cays of the Higgs bosons into bb¯ pairs where b is the b
quark. The initial collision is assumed to occur at a lin-
ear collider operating at the center-of-mass energy of 1.5
TeV and the integrated luminosity is assumed to be 500
fb−1. The considered signal process benefits from en-
hancements in the decay modes A → bb¯ and H → bb¯
which are due to the dependence of the A/H coupling
to down-type quarks on the − tanβ factor according to
the Yukawa Lagrangian of Eq. 2 and factors of Tab. II.
Such a coupling factor results in dramatic enhancements
and thus dominance of the A/H → bb¯ decays at rela-
tively large values of tanβ. Surprisingly, the dominance
of these decay modes continues even for Higgs masses
mA/H above the threshold of the on-shell top quark pair
production. Such a feature is caused by the dependence
of the A/H-u-u¯ vertex, where u is an up-type quark, on
the cotβ factor as seen in Tab. II. As tanβ increases,
decays into the tt¯ pair are becoming more and more rare
and the bb¯ pair production remains dominant. This is
a unique feature of the assumed signal process in the
context of the flipped 2HDM and enables us to probe a
significantly large portion of the parameter space since
our search is not limited to scenarios with Higgs masses
below the threshold of the on-shell top quark pair pro-
duction.
Observability of the additional Higgs bosons is studied
in several benchmark points in the parameter space of the
2HDM independently. Tab. IIIa provides the assumed
points with corresponding cross sections and branching
fractions of the A/H → bb¯ decays. Working in the “phys-
ical basis”, the assumed points are specified by physi-
cal Higgs masses, m212, tanβ and sin(β − α). As seen,
the mass of the additional CP-even Higgs boson is as-
sumed to range from 150 to 500 GeV and the mass of
the CP-odd Higgs boson A is assumed to vary in range
230-580 GeV with the A/H mass splitting of 80 GeV in
all the scenarios. tanβ is set to 20 for all the scenar-
ios for the signal to take advantage of the possible en-
hancements in the A/H → bb¯ decays at large values of
tanβ. According to the given branching fractions which
are computed by 2HDMC 1.7.0 [24, 25], on average, we
have BR(A → bb¯) ' 0.985 and BR(H → bb¯) ' 0.995.
Obviously, the A/H → bb¯ decays are dominant in all the
scenarios. As seen, sin(β − α) is assumed to be 1 be-
cause of the SM-like assumption. The h Higgs boson is
therefore considered as the SM-like Higgs boson in all the
scenarios.
The assumed scenarios are all checked using 2HDMC
1.7.0 for consistency with theoretical constraints,
namely potential stability [26], perturbativity and uni-
tarity [27–30] and the m212 range satisfying the required
constraints is provided in Tab. IIIa for each scenario.
As seen in Tab. IIIa, the charged Higgs mass mH±
is chosen to be equal to the H mass. The reason for
making such a choice is that according to [31, 32], the
deviation of the ρ = m2W (mZ cos θW )
−2 parameter value
in the 2HDM from its Standard Model value is negligible
if any of the conditions
mA = mH± , mH = mH± , (3)
is met. Hence, the assumed scenarios satisfy the strong
experimental constraint [33, 34] on the ρ deviation which
is based on the measurement performed at LEP [35].
The LHC experiments [36] constrain the A mass by
the upper limits mA ≤ 250, 295, 400, 510, 640 GeV for
the H masses mH = 150, 200, 300, 400, 500 GeV respec-
tively at tanβ = 20 in the Type-Y 2HDM. Obviously, the
chosen scenarios satisfy these constraints and therefore,
are safe to use.
In the context of the Type- I , the lower limitmA > 350
obtained by the LHC direct observations [37, 38] con-
strains the CP-odd Higgs mass for tanβ < 5. Also,
the H mass range 170-360 GeV has been excluded for
tanβ < 1.5 [39]. However, since the Higgs-fermion cou-
pling scenarios of the Type- I and Type-Y are dramati-
cally different ,Higgs masses in this study are not required
to satisfy these limits.
In the context of the MSSM, the LEP experiments [40–
42] put the lower limits mA ≥ 93.4 GeV and mH± ≥ 78.6
GeV on the A and charged Higgs masses and the mass
rangemA/H = 200−400 GeV is also excluded for tanβ ≥
5 by the LHC experiments [43, 44]. The experimental
constraints on the MSSM are not, however, required to be
satisfied by the assumed scenarios in this study since the
MSSM and Type-Y 2HDM completely differ in many as-
pects, namely imposed symmetries, Higgs couplings, free
parameters, etc. Consequently, it can be concluded that
the assumed benchmark scenarios are completely consis-
tent with all the theoretical and current experimental
constraints.
Signal and background events are generated accord-
ing to the assumed scenarios and the simulated detector
response is analyzed to reconstruct the H and A Higgs
bosons by finding bb¯ pairs coming from their decays. W±
pair production, Z/γ production, Z pair production and
top quark pair production are the relevant SM back-
ground processes which are taken into account in this
analysis. Cross sections of the signal and background
processes are obtained by PYTHIA 8.2.15 [45] and are
provided in Tab. III.
III. EVENT GENERATION, SIGNAL
SELECTION AND ANALYSIS
Assuming both beams to be unpolarised, basic pa-
rameters of the Type-Y 2HDM are produced in SLHA
(SUSY Les Houches Accord) format by 2HDMC 1.7.0
4√
s = 1.5 TeV
BP1 BP2 BP3 BP4 BP5
mh 125
mH 150 200 300 400 500
mA 230 280 380 480 580
mH± 230 280 380 480 580
m212 1093-1124 1966-1996 4459-4490 7951-7981 12439-12470
tanβ 20
sin(β − α) 1
σ [fb] 5.7 5.2 4.1 2.9 1.7
BR(A→ bb¯) 0.997 0.998 0.982 0.976 0.974
BR(H → bb¯) 0.998 0.999 0.999 0.994 0.986
a
√
s = 1.5 TeV tt¯ W+W− ZZ Z/γ
σ [fb] 103 1796 131 1960
b
Table III: a) Assumed benchmark scenarios. mh,mH ,mA,mH± are physical masses of the Higgs bosons and the
provided m212 range satisfies the theoretical constraints. Cross section of the signal production process and
branching fractions of the A/H → bb¯ decays are also provided for each scenario. b) Relevant SM background
processes with corresponding cross sections.
and the output file is passed to PYTHIA 8.2.15 [45] to
generate events. Events generated by PYTHIA are inter-
nally used by DELPHES 3.4 [46] to simulate the detector
response with the use of DSiD detector card which is
based on the full simulation performance of the SiD de-
tector at the ILC [22]. Jet reconstruction is performed
by the anti-kt algorithm [47] in FASTJET 3.1.0 [48, 49]
with the cone size ∆R =
√
(∆η)2 + (∆φ)2 = 0.4, where
η = −ln tan(θ/2) and φ (θ) is the azimuthal (polar) an-
gle with respect to the beam axis. The DELPHES out-
put data including reconstructed jets and associated b-
tagging flags are stored as ROOT files [50] and are analyzed
as follows.
Counting the reconstructed jets satisfying the kine-
matic conditions
pT jet ≥ 30 GeV, |ηjet| ≤ 2, (4)
where pT is the transverse momentum, jet multiplicity
distributions of Fig. 1(a) are obtained for different sig-
nal and background processes. Based on the signal and
background distributions, the selection cut
Njet ≥ 3, (5)
where Njet is the number of jets, is applied to events.
Using the b-tagging flags, b-jets are identified and b-jet
multiplicity distributions of Fig. 1(b) are obtained. The
condition
Nb-jet ≥ 3, (6)
where Nb-jet is the number of b-jets, is then imposed and
events surviving this condition are used to reconstruct
the Higgs bosons. Applying the mentioned selection cuts,
event selection efficiencies of Tab. IV are obtained for
different signal and background processes.
Events surviving the selection cuts contain at least
three b-jets which are used to obtain the candidate mass
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0 1 2 3 4 5 6 7 8
N
or
m
al
iz
ed
 to
 1
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7 BP1BP2
BP3
BP4
BP5
γZ/
TT
ZZ
WW
(a)
b-jet multiplicity
0 1 2 3 4 5 6
N
or
m
al
iz
ed
 to
 1
0
0.2
0.4
0.6
0.8
1 BP1BP2
BP3
BP4
BP5
γZ/
TT
ZZ
WW
(b)
Figure 1: a) Jet and b) b-jet multiplicity distributions
corresponding to different signal and background
processes assuming different benchmark scenarios.
5BP1 BP2 BP3 BP4 BP5
Njet ≥ 3 0.935 0.982 0.993 0.996 0.996
Nb-jet ≥ 3 0.476 0.581 0.610 0.625 0.629
Total eff. 0.446 0.570 0.606 0.622 0.626
a
tt¯ WW ZZ Z/γ
Njet ≥ 3 0.818 0.095 0.134 0.087
Nb-jet ≥ 3 0.033 1e-4 0.017 0.017
Total eff. 0.027 1e-05 0.002 0.001
b
Table IV: Event selection efficiencies obtained for the a)
signal and b) background processes assuming different
benchmark scenarios.
distribution of the Higgs bosons. In events with three b-
jets, ∆R bb, where ∆R =
√
(∆η)2 + (∆φ)2, is computed
for the three possible bb combinations and the combina-
tion with minimum ∆R bb is identified as the correct b-jet
pair which originates from the decay of the H or A Higgs
boson. In events with at least four b-jets, two pairs of
b-jets coming from the Higgs bosons must be identified.
To do so, the b-jets are sorted in terms of their energies.
Labeling the sorted b-jets as b1, b2, b3, b4, the pairs b1b4
and b2b3 are considered as correct pairs. The first pair
consists of the b-jets with lowest and highest energies and
the second pair consists of the b-jets with moderate ener-
gies. Each one of these pairs may come from the H or A
Higgs boson. Therefore, the distribution of the invariant
masses of the identified b-jet pairs is expected to show
two distinguished peaks since the Higgs bosons H and A
are assumed to have different masses.
The analysis can be improved by applying a correc-
tion to the four-momentums of the b-jets based on the
energy-momentum conservation. Assuming that the b-
jet’s flight direction has correctly been measured and a
common factor can be applied to all components of its
four-momentum, the linear system
z1 p
x
1 + z2 p
x
2 + z3 p
x
3 + z4 p
x
4 = 0,
z1 p
y
1 + z2 p
y
2 + z3 p
y
3 + z4 p
y
4 = 0,
z1 p
z
1 + z2 p
z
2 + z3 p
z
3 + z4 p
z
4 = 0,
z1 E1 + z2 E2 + z3 E3 + z4 E4 =
√
s,
(7)
where pXi and Ei are the X-direction component of the
three-momentum and the energy of the i’th b-jet respec-
tively, is simultaneously solved to find the unknown vari-
ables z1, z2, z3, z4 which are factors corresponding to the
four b-jets. Requiring the obtained factors to be positive
(which is the case for a majority of the signal events) and
applying the factors to the b-jets’ four-momenta, a sig-
nificant improvement in the invariant mass distributions
is achieved.
After rescaling the four-momenta, the b-jets are sorted
in terms of their new energies and pairing is performed
as explained. Computing the invariant masses of the se-
lected pairs, invariant mass distributions of Fig. 2 are
obtained. As seen, contributions of different background
processes are shown separately and the signal contribu-
tion can be seen as a significant excess of data on top
the total SM background. The tt¯ and Z/γ processes con-
tribute the most to the total background and are, how-
ever, well under control. Normalization of the distribu-
tions is based on L × σ × , where L is the integrated
luminosity which is set to 500 fb−1 for all the scenarios,
σ is the cross section which is obtained from the total
cross sections provided in Tab. III and the branching
fractions of the A/H → bb¯ decays, and  is the selection
efficiency which is obtained by computing the average
number of reconstructed Higgs bosons in an event.
In order to determine the reconstructed masses of the
Higgs bosons, a proper fit function is fitted to the mass
distributions. Fitting is performed by ROOT 5.34 [51].
The fit function employed for the total background (B)
fit is a polynomial function and the fit function for the
signal plus total background (S+B) fit is the combina-
tion of a polynomial function and two Gaussian func-
tions. The two Gaussian functions are supposed to cover
the signal peaks. The polynomial is first fitted to the
total background distribution and the resultant fit pa-
rameters are then used as input for the S+B fit. Both B
and S+B fit results are shown in Fig. 2. As expected,
fitted curves show two distinct peaks by which the re-
constructed masses of the Higgs bosons H and A can
be determined. Each Gaussian function has a “Mean”
parameter which shows the location of the center of its
associated peak. Values of the “Mean” parameters of the
two Gaussian functions are shown in Fig. 2. Consider-
ing the “Mean” parameter value as the Higgs boson re-
constructed mass, reconstructed masses of the H and A
Higgs bosons are obtained as provided in Tab. V. Com-
paring the generated (mGen.) and reconstructed (mRec.)
masses, a difference is seen between them. Such errors
can be due to the uncertainties arising from the jet recon-
struction algorithm, b-tagging algorithm, fitting method
and fit function, errors in energy and momentum of the
particles, etc. A thorough optimization of the jet cluster-
ing algorithm, b-tagging algorithm, fitting method, etc.,
may reduce the errors. However, since such corrections
are beyond the scope of this paper, a simple off-set cor-
rection is applied to reduce errors in this study as follows.
On average, the reconstructed masses of the Higgs bosons
H and A are 9.48 and 8.08 GeV smaller than the corre-
sponding generated masses as seen in Tab. V. Hence, to
reduce the errors, the reconstructed masses of the Higgs
bosonsH and A are increased by the same values. Apply-
ing the off-set correction, obtained results are provided in
Tab. V as corrected reconstructed masses (m Corr. rec.).
Making a comparison, it can be seen that the obtained
6mGen. mRec. m Corr. rec.
BP1 150 137.2±1.9 146.7±5.3
BP2 200 188.2±1.5 197.7±4.9
H BP3 300 288.8±2.4 298.3±5.8
BP4 400 393.4±3.6 402.9±7.0
BP5 500 495.0±7.7 504.5±11.1
BP1 230 212.0±1.5 220.1±4.6
BP2 280 268.9±1.3 277.0±4.4
A BP3 380 371.2±1.9 379.3±5.0
BP4 480 475.1±3.4 483.2±6.5
BP5 580 582.4±7.5 590.5±10.6
Table V: Generated mass (mGen.), reconstructed mass
(mRec.) and corrected reconstructed mass (m Corr. rec.)
of the Higgs bosons H and A with associated
uncertainties. Mass values are in GeV unit.
masses are in reasonable agreement with the generated
masses and therefore, it can be concluded that mass mea-
surement is possible for both H and A Higgs bosons in
all the considered scenarios.
IV. SIGNAL SIGNIFICANCE
Observability of the Higgs bosons is assessed by com-
puting the signal significance for each candidate mass dis-
tribution of Fig. 2. Computation is performed by count-
ing the number of signal and background Higgs candidate
masses in the whole mass range at the integrated lumi-
nosity of 500 fb−1. Tab. VI provides obtained results in-
cluding total signal selection efficiency, number of signal
(S) and total background (B), signal to total background
ratio and signal significance. Results indicate that both
of the H and A Higgs bosons are observable with signals
exceeding 5σ in all of the considered benchmark scenar-
ios. Consequently, the region of parameter space with
mass ranges 150 ≤ mH ≤ 500 GeV and 230 ≤ mA ≤ 580
GeV with the mass splitting of 80 GeV between the H
and A Higgs bosons is observable at the integrated lumi-
nosity of 500 fb−1 and
√
s = 1.5 TeV. The high obtained
signal significances ensure that observability is also pos-
sible at integrated luminosities lower than 500 fb−1.
V. CONCLUSIONS
In this study, assuming the Type-Y (flipped) 2HDM
at SM-like scenario as the theoretical framework, ob-
servability of the additional CP-even and CP-odd Higgs
bosons H and A was investigated through the signal pro-
cess e−e+ → AH → bb¯bb¯ at the center-of-mass energy of
BP1 BP2 BP3 BP4 BP5
Total 0.27 0.38 0.42 0.43 0.44
S 1549 1968 1666 1216 715
B 3132
S/B 0.49 0.63 0.53 0.39 0.23
S/
√
B 27.7 35.2 29.8 21.7 12.8
L Int. [fb−1] 500
Table VI: Total signal selection efficiency (Total),
number of signal (S) and background (B) Higgs
candidates in the whole mass range after all cuts, signal
to background ratio, signal significance and integrated
luminosity in the considered scenarios.
1.5 TeV at a linear collider. The signal process bene-
fits from possible enhancements in the A/H → bb¯ decay
channels at high values of tanβ. Such enhancements are
due to the − tanβ factor in the A/H-d-d¯ vertex, where
d is a down-type quark. Moreover, since the A/H-u-u¯
vertex, where u is an up-type quark, depends on cotβ,
the dominance of the A/H → bb¯ decays continues even
for Higgs masses mA/H above the threshold of the on-
shell top quark pair production. Such a unique feature
provided opportunity to probe a significantly large por-
tion of the parameter space. Considering several bench-
mark points in the parameter space with the H mass
range 150 ≤ mH ≤ 500 GeV and A/H mass splitting of
80 GeV at tanβ = 20, event generation was performed
for each scenario independently. Simulating the detector
response based on the SiD detector at the ILC, observ-
ability was investigated at the integrated luminosity of
500 fb−1 and a Higgs candidate mass distribution was
obtained for each scenario. All the obtained mass dis-
tributions show significant excess of data on top of the
total SM background. Two well distinguished peaks are
also seen in the distributions located near the generated
masses of the H and A Higgs bosons. Computing the sig-
nal significance corresponding to the whole mass range
for each scenario, it is concluded that both of the H
and A Higgs bosons are observable with signals exceed-
ing 5σ in all of the tested benchmark points. In other
words, the region of parameter space with mass ranges
150 ≤ mH ≤ 500 GeV and 230 ≤ mA ≤ 580 GeV with
the mass splitting of 80 GeV between the Higgs bosons H
and A is observable at the integrated luminosity of 500
fb−1 and center-of-mass energy of 1.5 TeV. The recon-
structed masses of the Higgs bosons which were obtained
by fitting proper functions to the mass distributions are
in reasonable agreement with the generated masses and
indicate that mass measurement is also possible for both
the H and A Higgs bosons in the mentioned region of pa-
rameter space. The present analysis is expected to serve
experimentalists well since both of the additional neutral
72HDM Higgs bosons can be observed with possibility of
mass measurement in a significant portion of the param-
eter space at an easily accessible integrated luminosity.
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Figure 2: Distribution of the invariant masses of the identified bb¯ pairs in different benchmark scenarios with
associated errors. Signal plus total background (S+B) fit, total background (B) fit and values of the “Mean”
parameters are also shown.
